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1. INTRODUCTION 

High and medium power voltage applications are now demanding in using cascade multilevel 
inverter (CMLI) structure. When compared to the lower level inverters, it is due to to its reduced harmonics, 
improved efficiency and low voltage stress [1-4]. For instance of current multilevel converter in used are the 
diode clamped, cascaded H -bridge inverters (CHBI) as well as flying capacitors. When several H-bridge 
inverters with each H-bridge has its own DC source or a single DC source and capacitors based DC sources 
are connected in series, it is then called as s cascaded multilevel inverter. If the cascaded multilevel inverter 
has k DC sources and number of H - bridge cells, it provides (2k + 1) levels to synthesize the AC output 
waveform. Following that, to form a five-level inverter (FLI), two DC sources and two cascaded H -bridge 
cells will be required [5-11]. 

Researchers have made several attempts to combine multilevel inverter (MLI) with a number of H - 
bridge cells with the (2k + 1) levels method. Bigger number of diodes and auxiliary switches are normally 
combined in the power circuit to develop a high level MLI. In [7], two H -bridge cells were arranged to make 
an eleven-level of cascaded H -bridge MLI. For this, four additional switches and eight additional diodes 
were used. The control circuit and design process are expected to be complex. It is also mentioned in [8] that 
all FLIs that has been developed present more than one diode and auxiliary switch with an extra control 
circuits. As an example, there are structures with two auxiliary switches and two anti- bidirectional diodes, 
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with two other diodes through which the capacitors are discharged plus two DC voltage sources are 
combined together in addition to the single k cell structure [6-10]. In other structure, one additional switch, 
four diodes and either two DC sources or two capacitors across a boost converter are in used to realize the 
FLIs output voltages [8-15]. Because of the structures in the control circuit of five level inverters are 
complexed, few authors have presented on the control scheme [16-24], mostly on H-bridge inverters and FLI. 
This paper discussed on an improved control scheme in single phase FLI using proportional resonant (PR) 
together with harmonic compensators current controller, where performance on the total harmonic distortion 
(THD) is also highlighted. 


2. RESEARCH METHOD 
2.1. System design 

Overall block diagram of 5-level inverter system using the PR current controller is shown 
in Figure 1. The system is modelled and designed with main 5 parts which are divided into DC source, single 
phase 5-level inverter, PWM driver, low pass filter, and current controller. Proper design technique and 
circuit will be shown in the next few sections. 
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Figure 1. Block diagram of 5-level inverter system with PR current controller 


2.2. Single Phase 5-level inverter with PWM 
The inverter of this power system is fully controlled by eight IGBT/Diodes and it is supplied by 400 
Vdc with two DC sources 200V each as can be seen in Figure 2. 
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Figure 2. Single phase 5-level inverter circuit 





The circuit design followed the H-bridge circuit where the IGBT/Diode is functioned as the 
switching device which follows the command of PWM waveform. The gates of all IGBT/Diodes are supplied 
by a PWM generator with 100Hz switching frequency. The sine-wave block will generate input sine wave 
signal to the circuit with frequency 2*2*50 and amplitude of 1. There are two measurement devices in the 
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circuit one to measure the current and other to measure the voltage. From the voltage measurement, scope 
one will show the voltage while from the current measurement, scope two will show the current waveform. 


2.3. RLC low pass filter 

The RLC Low Pass Filter is chosen for this design because there is the function of inductor and 
capacitor to turn the square waveform from the inverter into sinusoidal waveform for the current because of 
the behavior of charging and discharging energy. Cut-off frequency, f- is given as formula. 


1 


=e (1) 





Where Lp is the filter inductance and Cp 1s the filter capacitance. For the initial inductance selection, 
it can be calculated from formula. 


1 
E Sie tpp A 
The ripple factor, A Ipp chosen for current is 5% and the cut-off frequency is 1 kHz. The 


inductance for this low pass filter after tuning is 94H. After that, the value of capacitor is calculated using 
cut-off frequency formula. After tuning, the value of capacitor 1s 9pF. 


2.4. PR current controller 

Figure 3 shows the PR current control strategy. i is the inverter output current, li* is the inverter 
current reference and Ui* is the inverter voltage reference. 

The PR current controller Gpp(s) is represented by 


Gpp(s) = Kp + K, — (3) 


"2+w2 


Where Kp is the proportional gain whilst K, is resonant gain. wọ is the resonant frequency at 
fundamental which is at 50Hz. 
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Figure 3. The PR current control [22] 


2.5. PR Control with Harmonic Compensators 
Figure 4 shows the PR current control with additionnal harmonic compensation strategy. 
The harmonic compensator Gy (S) is represented by: 


S 


Ga (s) = Èn=3,5,7,... Krn OWT (4) 


Here, K„n is the resonant term at the particular harmonic and hw, is the resonant frequency of the 
particular harmonic. The harmonic compensator for each harmonic frequency is added to the fundamental 
frequency PR controller to form the complete current controller, as illustrated in Figure 4. 





Figure 4. The PR current control with harmonic compensators [22] 
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3. RESULTS AND DISCUSSION 

For this work, the simulation is done by using Matlab/Simulink software. The structure consist of 8 
IGBT/Diodes, 2 DC sources, low pass filter (PF), current and voltage measurement, SPWM, and PR current 
controller. The goal of this design is to design a 5-level inverter with low THD by using PR current controller 
and reduce the 3th, 5th, and 7th harmonics. The design has three parts, first part is to design single phase 5- 
level inverter and the second part is to add PR current controller to the first design to reduce the THD level. 
Then FFT analysis will be used to monitor the THD changes that will happen. Thirdly, more functions were 
added to the PR current controller to reduce the 3th, 5th, and 7th harmonics. 


3.1. Simulation of single phase 5-Level inverter 

The design process simply started by designing single phase 5-level inverter without PR current 
controller to see the THD level of the inverter without the controller so that it will be clear the difference of 
PR current controller to the inverter in terms of reducing the THD level. Figure 5 shows the simulation result. 
The switching frequency is 100Hz and the magnitude of the voltage 1s 400V as expected. 


Figure 5. The voltage output of single phase 5-level inverter 


3.2. Single Phase 5-Level Inverter with PR current controller 

The second phase of the design process is to add PR current controller and low pass filter to the 
single phase 5-level inverter circuit. The output from the current measurement will be the input of the current 
controller while the output of the current controller will be the input of the inverter circuit. It is illustrated as 
in Figure 6. 
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Figure 6. Single phase 5-level inverter with PR current controller circuit 
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Inside the PR current controller block, the circuit is shown in Figure 7. The controller has sine wave 
as reference input with 60A reference current and frequency of 2*2*50. The input node (inl) is where 
controller will receive the input current from inverter while the output node (out 1) is the controller output 
which will go back to the inverter as input in a close loop. 
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Figure 7. PR current controller circuit. 














3.3. FFT analysis of single phase 5-level inverter with PR current controller 
After adding PR current controller, the FFT analysis tool shows that the THD is 1.6% with Kp = 
0.38, and Kr = 1600 at fundamental frequency (50Hz) which is less than the 5% [25] as shown Figure 8. 
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Figure 8. FFT analysis of single phase 5-level inverter with PR current controller 


3.4. FFT analysis of single phase 5-level inverter with PR current controller and harmonic 
compensator 

It can be seen in Figure 8 above, the THD value of 3rd, 5th, and 7th harmonic orders are high. In 
order to reduce it, adjustments were made to the PR current controller circuit by adding three parallel set of 
circuit each set consists of Kr gain, two multipliers, adder, and 4-unit delay. Each added circuit is focusing on 
reducing the problematic 3rd, 5th and 7th harmonics. After the simulation the THD of 3rd, 5th and 7th 
harmonics have decreased as shown in the FFT analysis in Figure 9. The comparison of THD value of 3rd, 
Sth and 7th harmonics before and after reduction is also shown in Table 1. 
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Selected signal: 5 cycles. FFT window (in red): 1 cycles 
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Figure 9. FFT analysis of single phase 5-level inverter with PR current controller and harmonic compensator. 


Table 1. Comparison of THD value of 3th 5th, and 7“ harmonics before and after reduction 


Harmonic order Magnitude (% of fundamental) Magnitude (% of fundamental) 
before reduction after reduction 
0 0 0.45 1.62 
50 1 0.7 1.85 
100 s 0.25 A 
200 ; = 0.19 
350 7 043 Od 
400 8 0.43 0.38 


From the table, the 3rd order improved by 77.78% while the 5th and 7th harmonics orders improved 
by 58.33% and 6.98% respectively. 


4. CONCLUSION 

Design and simulation result of single phase five-level inverter with PR current controller and 
harmonic compensator has been discussed in this paper. This design involves three major steps. Firstly, 
single phase five-level inverter was designed with 100Hz switching frequency and 400v of DC source. The 
five-level voltage output waveform was produced. Secondly, PR current controller circuit was added to the 
single phase five-level inverter circuit with 60A reference current. The K, and K, gain was tuned to reduce 
the THD to less than 5%. Lastly, adjustments were made to the PR current controller to reduce the THD at 
the 3rd, 5th, and 7th harmonic orders. The THD of the 3rd harmonic order was reduced from 0.45% to 0.1% 
while the 5th and 7th harmonic orders were reduced from 0.6% and 0.43% to 0.25% and 0.4% respectively. 
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